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S To all whom it may concern: 



Be it known that 

Cynthia L. Bristow 



has invented certain new and useful improvements in 

DETECTION OF SURFACE-ASSOCIATED HUMAN 
LEUKOCYTE ELASTASE 



of which the following is a full clear and exact description. 



Detection of Surface- Associated Human 
Leukocyte Elastase 

Related Applications 

This application claims the filing date of Provisional Patent Application Ser. No. 60/2 1 6,232, 
filed July 5,2000. 

Background of the invention 

/. Field of the Invention - This invention relates to a method. More specifically, this 
invention relates to a method of analysis, and to a test kit for performance of such analysis. The 
preferred method of analysis of this invention involves the use of a diagnostic test kit specific for the 
quantitative determination of Human Leukocyte Elastase (HLE) on the plasma membranes of 
lymphocytes and mononuclear phagocytes as means of monitoring pathologic response of such cells 
to various disease states. 

2. Description of the Prior Art - It is known that Human Leukocyte Elastase (HLE) is 
co-localized with CD4 and chemokine receptors on the plasma membrane of lymphocytes and 
mononuclear phagocytes. Human lymphocytes, mononuclear phagocytes, and polymorphonuclear 
cells derive from lineage-committed pluripotent stem cells along discrete pathways determined in 
bone marrow. HLE is localized on the plasma membrane early in ontogeny and is granule-localized 
later in ontogeny suggesting that HLE is an early differentiation marker (Borregaard and Cowland, 
Granules Of The Human Neutrophilic Polymorphonuclear Leukocyte, Blood, Vol. 89:3503-3521 
(1997). 

The primary function of cell-surface HLE appears to involve cell motility, and recent 
evidence suggests modulation of cell-surface HLE dramatically influences cellular response. 



Although plasma membrane-associated HLE has been previously shown to produce membrane- 
associated cellular response factors, detection of cell-surface HLE density has not heretofore been 
recognized as a reliable barometer of, nor utilized to monitor, corresponding pathologic responses, 
such as the onset or progression of an HIV infection. More specifically, immunochemical interaction 
5 of antibodies specific with markers characteristic of cell-surface HLE have been generally unreliable 
as a measurement of cell-surface density of HLE. The reason for such lack of correlation has up to 
now been unknown. It has recently been observed that when cells from healthy volunteers are 
infected in vitro, HIV production is correlated with the cell surface density of HLE, but not to HIV 
receptors CD4, CXCR4, nor CCR5, (Bristow, C.L., Clin. Diagn. Lab. Immunol., Vol. 8, Sept. 

lO^C 200 L). These recent data indicate that HIV infection is facilitated by co-patching with CD4, 
^2 CXCR4, and HLE on extensions of the plasma membrane. Accordingly, a primary function for HLE 
^ in CD4-related events, appears to include HIV entry and augmentation of immune response, 
s The conventional method for determining the presence or progression, of a pathologic disease 

state, generally involves monitoring of certain analytes in specific biological fluids for the presence 

1 5:!i or absence of the pathogen, or a protein (e.g. antibody) produced by the individuals immune system 
in response to the presence of the pathogen. Notwithstanding, the availability of such analysis, the 
extent or progression of a pathologic disease state is not generally ascertainable by such techniques 
because of the lack of direct quantitation in change in concentration of the pathogens in such assays. 
Where, as in the case of an HIV infection, the extent of such infection is determined indirectly by 

2 0 analysis of the blood samples for the presence of cells critical to immune response. This type of 
analytical protocol is of little or any value in the monitoring of seropostive HIV positive individuals 
who do not express the classical AIDS symptoms, nor is it of value in subtle adjustment in applied 
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therapies in the containment or treatment to prevent the progression of AIDS. Accordingly, there 
continues to exist a need for a simple and effective diagnostic test to quantitatively measure 
pathologic disease states, such as an HIV infection, including changes in disease progression, to 
assist in the prescription of an appropriate therapy, or in the adjustment in the dosage of such 
therapy. Such diagnostic test, to be effective, should be based upon changes in some parameter, in 
the basal level of an analyte, which is sensitive to and directly implicated by the pathologic changes 
associated with different disease states. 

QJBECTS OF THE INVENTION 

It is the above as well as related object of this invention to remedy the above as well as 
related deficiencies in the prior art. 

More specifically, it is the principle object of this invention to provide a non-invasive 
diagnostic test for monitoring of disease progression and pathologic phenomena that correlated, 
either directly or inversely, with Human Leukocyte Elastase (HLE) in plasma membranes. 

It is another object of this invention to provide a non-invasive diagnostic test for monitoring 
the progression of an HIV infection by monitoring and quantitation of plasma membrane Human 
Leukocyte Elastase (HLE) in seropositive HIV individuals that experience an Aids Related 
Condition (also herein "ARC Individuals"); and, individuals that have Acquire Immune Deficiency 
Syndrome (AIDS) (also "AIDS Individuals"), 

It is yet another object of this invention to provide a non-invasive diagnostic test kit suitable 
for monitoring of disease progression and pathologic phenomena that correlated, either directly or 
inversely, with plasma membrane Human Leukocyte Elastase (HLE). 



Summary of the invention 

The invention is directed to a method for monitoring of disease progression and pathologic 
phenomena that correlate with surface density of Human Leukocyte Elastase (HLE) associated with 
plasma membranes. More specifically, plasma membrane concentration of HLE dramatically 
influences cellular response to pathologic states resulting from microbial organisms, transplantation, 
autoinomunity, cancer, HIV infection, and other disease similar states. Thus, where there is an 
increase in a pathologic state, and a corresponding involvement of lymphocytes and mononuclear 
phagocytes in the combat of such pathologic state, the amount of HLE on the plasma membranes 
of the lymphocytes and mononuclear phagocytes that can be detected shall diminish. In order to 
accurately and reliable quantitate HLE on the plasma membranes of the lymphocytes and 
mononuclear phagocytes, a test sample containing the lymphocytes and mononuclear phagocytes 
is initially treated with a first antiserum specific for CD4 receptors on the plasma membrane or with 
„^ a second antiserum specific for chemokine receptors on the plasma membrane. Once the CD4 or 
chemokine receptors have been rendered non-reactive (competitive) relative to the HLE receptors 
(also "binding sites") on the plasma membrane, the test sample is contacted with an immunoreagent 
specific for interation with one or more of the HLE receptors on the plasma membranes of the 
lymphocytes and mononuclear phagocytes. The immunoreagent forms a complex with the HLE 
binding sites and produces a characteristic physical change in the lymphocytes and mononuclear 
phagocytes that can be monitored by any one of a number of standard techniques, (e.g., confocal 
laser scanning microscopy and flow cytometry). Where the immunoreagent is labeled with a 
reporter or indicator molecule, the measurement of the complex formed with the lymphocytes and 
mononuclear phagocytes can be performed by any technique that can concentrate and isolate a 



detectable signal from such reporter or indicator molecule, (e.g., immunochromatographic analysis, 
radial partition immunoassay, and microparticle capture immunoassay). In each of the latter 
analytical systems, the analyte of interest is concentrated within a delimited area of a solid phase and 
the reporter or indicator molecule measured either directly (by measurement of fluorescence), or 
5 measured as function of a discernible change in the delimited area resulting from the interaction of 
the label (e.g. enzyme) with an additional reagent that results in the production of a chromophore 
or flourophore. 

The quantitative measurement of the HLE on the plasma membranes of lymphocytes and 
mononuclear phagocytes, indirectly correlates with the progression of the disease and, conversely, 
lOdg directly correlates with the effectiveness of an applied therapy in arresting, or reversal, of its 
m progression. 



j-i Description of the invention 

3 INCLUDING PREFERRED EMBODIMENTS 

•s ~~ 

15p 

f y It has recently been discovered by the inventor that HLE is physically co-localized with CD4 

and chemokine receptors on the plasma membrane of lymphocytes and mononuclear phagocytes. 
This discovery has now made possible for cell-surface density of HLE to be quantitated using 
antibodies with specificity for HLE. Moreover, because of the physical proximity of HLE with CD4 
20 and chemokine receptors, the order of ligation of these receptors altered detectable cell-surface 
densities. Specifically, when cells were first interacted with anti-CD4 and second with anti-HLE and 
anti-chemokine receptor, the cell-surface densities of HLE were quantitative and correlated with 
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other related measures of HLE activity. In contrast, when cells were first interacted with anti-HLE 
and second with anti-CD4 and anti-chemokine receptor, HLE detection was negligible. 

Application of this novel inventive step will allow determination of disease progression in 
relevant pathologic states resulting from microbial organisms, transplantation, autoimmunity, cancer, 
5 HIV infection, and many other disease states. The method of this invention is particularly well- 
suited for monitoring the progression of disease in seropositive HIV individuals that experience an 
Aids Related Condition (also herein "ARC Individuals"), and, in individuals that have Acquire 
Immune Deficiency Syndrome (AIDS) (also "AIDS Individuals"). Moreover the method of this 
invention is suitable as an adjunctive procedure to the administration of one or more therapeutic 
lO ;^^ agents - specifically, as means of measurement the effectiveness of such agents, or adjustment in 
,,S the dosage of such agents in the treatment of ARC and/or AIDS Individuals. 

m The HLE on the plasma membrane of lymphocytes and mononuclear phagocytes is fairly will 

111 

= characterized. Thus, the epitopes characteristic of receptor structure, and their availability for 

^ accessible binding to an immunoreagent (e.g. antibody mimic), is simply a matter of choice. In one 

5 ; S 

ISijg of the preferred embodiments of this invention, the immunoreagent suitable for use in the method 
of this invention is capable of immunochemical interaction with at least one of the catalytic triad of 
the HLE membrane surface proteins and the lipid interactive amino acids of the HLE membrane 
surface proteins. This catalytic triad of HLE (domain 1) is composed of amino acids His (41), Asp 
(88), and Ser (173). Lipid-interactive amino acids of the HLE (domain 2) is composed of amino 

2 0 acids Phe (170), Ala (1 87), and Arg (191); and, these amino acids are proximal to the catalytic triad. 
The HLE specific immunoreagent for use in the diagnostic test method of this invention, thus, 
comprises binding proteins which interact with one or more of the characteristic domains of 

- 6 - 



membrane surface HLE. In this interaction, the immunocomplex formed between the lymphocytes 
and mononuclear phagocytes and the immunoreagent specific for HLE on the plasma membranes 
of cells have a characteristic signature that can be monitored as function of a change in one of more 
the physical properties of the lymphocytes and mononuclear phagocytes resulting from such 
interaction, or as function of the "label" or "labels" associated with the immunoreagent. 

The CD4 and chemokine receptors on the plasma membrane of lymphocytes and 
mononuclear phagocytes are also well-characterized, and anti-sera for each of these receptors can 
be prepared utilizing available techniques and procedures. More specifically, a peptide antagonist 
suitable for use in preparation of anti-sera is prepared by an iterative process of mutagenesis, 
expression, chromatographic selection, and amplification. In this process, a gene encoding a 
potenti al binding domain corresponding to CD4 and chemokine receptors, respectively, is separately 
obtained by random mutagenesis of a limited number of predetermined codons, and such gene fused 
to a genetic element which causes the resulting chimeric expression product to be displayed on the 
outer surface of a virus (e.g. a filamentous phage) or a cell. Chromatographic selection is then used 
to identify viruses or cells whose genome includes a fused gene coded for the protein which is bound 
to the chromatographic target. The foregoing technique for preparation of the peptide antagonists 
ofthis invention is more fully described in iaJner, etal US 5,571,698, which is herein incorporated 
by reference in its entirety. These peptides can then be conjugated to a suitable carrier and thereafter 
used in the method of this invention to block each of the CD4 and chemokine receptors on the 
plasma membranes of the lymphocytes and mononuclear phagocytes. 

In one of the preferred embodiments ofthis invention, the analysis of a sample of biological 
fluid containing this immunocomplex is performed by well-known optical scanning techniques (e.g., 



flow cytometry, laser excited confocal fluorescence scanner naicroscopy, and modifications thereof). 
The techniques and equipment suitable for flow cytometry suitable for use in this invention are 
disclosed in US 6^232,125, which is herein incorporated by reference in its entirety. The techniques 
and equipment suitable for laser excited confocal fluorescence scanner microscopy suitable for use 
5 in this invention are disclosed in US 5^891^738, which is herein incorporated by reference in its 
entirety. 

In another of the preferred embodiments of this invention, the sample of biological fluid 
containing this immunocomplex is immobilized by physical entrapment within a sohd phase, or pre- 
reacted with an microp article, the resulting ensemble isolated within a solid phase. The solid phase 

1 OiH generally comprise a bibulous material/solid phase (e.g. nitrocellulose or polysulphone synthetic 

membrane, or a fiberglass) that has been pre-treated within a deUmited area thereof with a second 
;Jf binding material specific for second epitope of the cellular component of the immunocomplex, so 

as to concentrate the immunocomplex within the delimited area of the solid phase. The techniques 
P and equipment suitable for analysis of the HLE density of the plasma membrane of lymphocytes and 
1 5j3 mononuclear phagocytes within various solid phase test environments are disclosed in US Patents 

4y703j017; 4,517^288; 5^591^645^ & 5^073,484, which are herein incorporated by reference in its 

entirety. 

In the solid phase embodiment of the method of the invention, the inrimunoreagent typically 
includes a "label" in the nature of a fluorescent ("reporter") molecule or a radioactive isotope; or an 

2 0 enzyme that is specific for interaction with a chromogenic substrate. In the case of a fluorescent 

molecule or a radioactive isotope, the cells of the biological fluid sample are capable of direct 
detection by excitation of the flourophore (in the case of a fluorescent label) or monitoring the 
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emissions of the isotopic label Alternatively, where the label is in the form of an enzyme, the 
application of a chromogenic substrate produces a discernible change in the solid phase that can be 
monitored. In each instance, the amount of immunoreagent associated with the cellular anal3l;es in 
the immunocomplex is measured, and such measurement compared to a standard curve to provide 
an indication of the change in surface density of Human Leukocyte Elastase (HLE) associated with 
plasma membranes of the immunocomplex. 

It is, of course, appreciated that all biological samples of leukocytes shall test positive for 
Human Leukocyte Elastase (HLE) associated with plasma membranes. Thus, the test method of this 
invention can be biased, relative to sensitivity, to only report a positive test for Human Leukocyte 
Elastase (HLE) associated with plasma membranes where the HLE surface density exceeds an 
arbitrary limit (e.g. basal or normal level). Thus, where the individual tested has a normal or 
elevated amount of Human Leukocyte Elastase (HLE) associated with his plasma membranes, a 
positive test result will suffice; the test result being semi-quantitative because of the reported amount 
exceeds the test threshold (basal) value. 

In each instance, the measurement of HLE plasma membrane density, when compared to 
some basal level for an individual, or for a population of individuals similarly infected, provides a 
barometer showing the relative disease state; and, the response of the disease state to an applied 
therapy, or to specific dosage levels of an applied therapy 

The Examples which follow further define, describe and illustrate one or more of the 
preferred embodiments of this invention. Parts and percentages appearing in such Examples are by 
weight unless otherwise indicated. Procedures, techniques and equipment utilized in the preparation 



and evaluation of the compositions of this invention are in accordance in standard techniques and 
procedures unless specified otherwise. 

EXAMPLES 

The quantitation of cell-surface HLE, in accordance with the method of this invention, is 
based upon the order of ligation of antibodies specific for HLE, CD4, and chemokine receptors on 
the plasma membrane of the lymphocytes and mononuclear phagocytes contained in test samples. 

The HLE receptors on the plasma membrane of lymphocytes and mononuclear phagocytes 
are fairly will characterized. Thus, the epitopes characteristic of receptor structure, and their 
availability for accessible binding to an immunoreagent (e.g. antibody mimic), is simply a matter 
of choice. In one of the preferred embodiments of this invention, the immunoreagent suitable for 
use in the method of this invention is capable of immunochemical interaction with at least one of the 
catalytic triad of the HLE membrane surface proteins and the lipid interactive amino acids of the 
HLE membrane surface proteins. This catalytic triad of HLE (domain 1) is composed of amino acids 
His (41), Asp (88), and Ser (173). Lipid-interactive amino acids of the HLE (domain 2) is 
composed of amino acids Phe (170), Ala (187), and Arg (191); and, these amino acids are proximal 
to the catalytic triad. Similarly, the CD4 and chemokine receptors on the plasma membrane of 
lymphocytes and mononuclear phagocytes are also well-characterized. 

More specifically, a peptide antagonist suitable for use in preparation of an immunoreagent 
and/or anti-sera is prepared by an iterative process of mutagenesis, expression, chromatographic 
selection, and amplification. In this process, a gene encoding a potential binding domain 
corresponding to HLE, CD4 and chemokine receptors, respectively, is separately obtained by 
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random mutagenesis of a limited number of predetermined codons, and such gene fused to a genetic 
element which causes the resulting chimeric expression product to be displayed on the outer surface 
of a virus (e.g. a filamentous phage) or a cell. Chromatographic selection is then used to identify 
viruses or cells whose genome includes a fused gene coded for the protein which is bound to the 
chromatographic target. The foregoing technique for preparation of the peptide antagonists of this 
invention is more fully described in Ladner, et al US 5,571,698, which is herein incorporated by 
reference in its entirety. 

These peptides can then be conjugated to a suitable carrier and thereafter used in the method 
of this invention to prepare an immunoreagent specific for interaction with HLE receptors, or, anti- 
sera to block each of the CD4 and chemokine receptors on the plasma membranes of the 
lymphocytes and mononuclear phagocytes. 

The HLE specific immunoreagent for use in the diagnostic test method of this invention, 
thus, comprises binding proteins which interact with one or more of the characteristic domains of 
membrane surface HLE. In this interaction, the immunocomplex formed between the lymphocytes 
and mononuclear phagocytes and the immunoreagent specific for HLE on the plasma membranes 
of cells have a characteristic signature that can be monitored as function of a change in one of more 
the physical properties of the lymphocytes and mononuclear phagocytes resulting from such 
interaction, or as function of the "label" or "labels" associated with the immunoreagent. 

Interaction of cells with anti-HLE, in the absence of prior interaction using anti-CD4 or anti- 
chemokine receptors, is poorly quantitative for cell surface HLE density. 
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